PAGE: 1 PRINT DATE: @51 14/5

FAILURE MODES EFFECTS ANALYEIS {(FMEA) — CRITICAL HARDWARE
NMUMBER: 43-1-0431 -X

SUBSYSTEM NAME: MAIN FROFULSION

REVISION: 1 03/23/94
FART MAME PART NUMBER
VENDDR NAME VENDOR NUMEER
LRU I VALVE, BALL (TYPE 3) MC204-0205-00352

EATON CONSOLIDATED CONTROLS 1440-.511

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
VALVE, LHZ HIGH FOINT BLEED 1.5 INCH. NORMALLY CLOSED, PNEUMATICALLY
ACTUATED OFEN. INCORFORATES RELIEF VALVE.

REFERENCE DESIGHNATORS: Pv22

QUANTITY OF LIKE ITEMS: 1
CONE

FUNCTION: -

THIS VALVE CONTROLS THE FLOW OF GH2 BLEED FROM THE LH2 17-IMCH
DISCONNECT (WHICH IS THE HIGH FCINT IM THE ENGINE FEED EYSTEM) OVERBCOARD
THRGOUGH THE HIGH POINT BLEED DISCONNECT (PD17) INTO THE GRQURD VENT
SYSTEM, THE VALVE IS ACTUATEDR OFEN AT THE START GF SLOW FILL TO BLEED OFF
AMNY GH2 ACCUMULATED (N THE FEEDLINE DURING LOADING OPERATIONS. VALVE IS
CLOSED APPROXIMATELY TWENTY 51X SECONDS PRIOR TO LIFTOFF. THE VALVE
INCORPORATES A RELIEF FEATURE WHICH RELIEVES THE LINE BETWEEN THE HIGH
‘PCINT BLEED DISCONNECT AND THE BLEED VALVE BACK INTO THE FEEDLINE. THE
BLEED DISCONMECT ACTS AS A REDUNDANT INHIBIT AGAINST OVERBOARD FLOW
AFTEER LHZ TSM UMEILICAL SEFARATION.
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SHUTTLE CRITICAL ITEMS LIST - QREITER

SUBSYSTEM :MAIN PROPULSION FMEA KO 03=1 =0431 -5 REV:04/21/88F
ASSEMBLY :EATON CONSOL. CNTLS ' CRIT. FUNT: .1
P/N RI 1MC284=0395~0053 CRIT. HDW: 1
P/H VENDOR: VERICLE 102 103 104
QUANTITY : 1 EFFECTIVITY: X X X

T ONE PHASE(S): PL 1D X Q0 DO L§

REDIUHMDANCY SCREEN: A= B~ L

PREPARED BY: AFPROVED BY: )

DES J E OSLOMD DES !
REL L H FINEBERG REL
QE E M GITTIERREZ QE

ITEM:
VALVE, GH2Z HIGH PT BLEED 1.5 INCH. NORMALLY CLOSED, PNEUMATICALLY
ACTOATED OPEN., INCORPCRATES RELIEF VALVE. (BvVz2)

FUNCTION: :
THIS VALVE CONTROLS THE FLOW OF GH2 BLEED FROM THE LHZ 17-INCH DISCONNECT
(WHICH IS THE HIGH POINT IN TEE ENCINE FEED SYSTEM) OVERBOARD THROUGH THE
HIGH POINT BLEED DISCONNECT (FD17) INTO THE GROUMD VENT SYSTEM. THE
VALVE IS ACTUATED OPEN AT THE START OF FAST FILL TO BLEED OFF ANY CH2
ACCUMULATED IN TEE PEEDLINE DURING LOADING OPERATIONS. VALVE TS CLOSED
APPROXIMATELY TWENTY SECONDS PRIGR TO LIFTOFF. THE VALVE IS MANUALLY
OPENED FOR FIRST VACUUM INERT (WIRED TQ THE LH2 INBOARD FTLL & DREAIN
[FV12] COCKPIT SWITCH}. THE VALVE INCORPORATES A RELIEF FEATURE WHICH

' RELTEVES THE LINE BETWEEN THE HIGH POINT BLEED DISCONMEGT AND THE ELEZD
VALVE BACK INTC THE FEEDLINE. THE BLEED DISCONNECT ACTS AS A REDUNDANT
INHIBIT AGAINST OVERBOARD PLOW APTER LH2 TSM UMBILICAL SEPARATION.

FAITORE MODE
FAILE TO RELIEVE DURING ASCENT.

CADEE(S) :
BINDING.

EFFECT(S) ON:
() SUBSYSTEM (B) INTERFACES (C)MISSIOK (D)CREW/VEETCLE

(A,B) AFTER RLEED VALVE CLOSURE BLEED LINE IS DRAINED BY GRAVITY. SOMT
FLUID WILL REMATN AT LIFTQPFF. FPRESSURE BUILDUP OF TRAFPED PRCPELLANT IN
THE LINE BETWEEN PV22 AND PD17Y MAY RESULT IN RUPTURE OF THE HIGH POINT
BLEED VALVE {PV22), BLEED LINE, OR BLEED DISCONNECT (PD17).
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SHUTTLE CRITICAL ITEMS LIST = ORBITER

SUBSYSTEM :MAIN FROPULEION FMEA NO 03=-1 =0421 -5 REV:04/21/28

CASE I: RUPTURE OF THE HIGH POINT BLEED VALVE.

CAUSES 234 POUNDS OF LHZ LEAFAGE IN THE AFT COMPARTMENT FROM THT FEED
MANIFOLD. FOSSIBLE LOSS OF CRITICAL ADJACENT COMPONENTS DUE TC CRYOSENTIC
EXPOSURE. POSSIBLE APFT COMPARTMENT OVERPRESSURIZATION. FIRE/EXPLOSION
HAZARD IN THE AFT COMPARTMENT. THIS WILL NOT EFFECT ENGINE INLET
CONDITIONS OR CAUSE LOW LEVEL CUTOFY.

ALSC RESULTS IN LOSS OF HELIUM SUPPLY DURING MANIFCLD REPRESSURIZATION
CAUSING LOSS OF AFT COMPARTMENT PURGE (RTLS/TAL ABORT CRITICAL) .

CASE II: RUPTURE &F THE BLEED LINE AND/COR DISCONNECT.

CAUSES LIMITED (PROPELLANT TRAPPED EBETWEEN PV2z AND PD17) LH LEAKAGE
INTC THE AFT COMPARTMENT OR OVERBOARD: POSSIBLE LOSS OF CRITICAL
ADJARCENT COMPONENTS DUE TO CRYOGENIC EXPOSURE. FPOSSIBLE FIRE/EXPLOSION
HAZARD BOTH INTERIOR AND EXTERIOR TO THE VEHICLE.

(¢,D) POSSIBLE LOSS OF CREW/VEHICLE.

ODISPOSITICN & RATIOMALE:

(A)CESIGN {B)TEST (C)}INSFECTION {D)FAILDRE EISTORY E) OFERATIONAL USE

(A) DESTGN

THE RELIEF VALVE WILL RELIXVE AND RESEAT IN THE RANGE OF 15 TO <0 FSTID
WITH A MAXIMUM FLOWRATE OF 1 PQUND PER SECOND. IF BLEZED LINE PRLSSURE
IRCRERSES ABOVE 40 PSID, SOME FIOW PAST THE BALL SEAL WILL OCCUR.

THE RELIEF VALVE'S SIMPLE DESIGN EMPIGYS A SPHERICAL KEL-F DOPRET
ATTACHED TO A €061-T651 PISTON WHICH IS LOADED BY AN ELGTILOY SERING,
HOLDING THE POPPET ONTC ITS SEAT. THE PISTQN IS GUIDED EY A 6051=TeS]
CAP AND, TO PREVENT BINDING, THE TOLERANCES BETWEEN PISTON AND CAFP ARE
CLOSELY CONTRQLLED. (0.002 TC 4.009% ON THE DIAMETER) . ADDITISNALLY, THE
PISTON I5 HARD ANOCDIZED.

(B} TEST

ATP
EXAMINATION OF FPRODUCT

AMBIENT PROOQF:
VALVE BODY - 195 PSIG, VALVE OPEN AND CLOSED
ACIUATOR - 1700 PSIG

VALVE RESPONSE TIMES - AMBIENT AND CRYO (=300 DEZ F AND =a231 DEG F}:
VAIVE: s5 PESI& '
ACTUATAR: 500 AND 740 PSIC



SHUTTLE CRITICAL ITEMS LIST - OREITER .

SUBSYSTEM :MAIN FROFULSION FMEA KO 03-1 -043]1 -5 REV:04/21/83

EXTERNAL LEAKAGE - AMBIENT AND CRYO (=300 DEG F AND ~423 DEC Pl
VALVE BODY: 130 PSIC
ACTUATOR: 740 PEIG

INTERNAL LEAKAGE - AMEIENT AND CRYD (-300 DEG F AND -423 DEG F):
INLET-TO-OUTLET @ 55 PsSIG
ACTUATOR: 740 PEIG

POSITION INDICATICN: VERIFICATION OF OPERATION

ELECTRICAL CHARACTERISTICS = CONTACT RESISTANCE: INSULATION RESTSTANCE;
AND DIELECTRIC STRENGTH.

RELIEF VALVE CRACK AND RESEAT - AMBIENT AND CRYD(-100 DEG Fj; 15-4¢ P3ID
CERTIFICATION
LIFE -
CRYO - 500 CYCLES AT -400 DEGC F
AMBIENT = 1500 CYCLES
RANDOM VIBRATION TESTS = IN ALL THREE AXES

13.3 HOURS IN EACH AXTS WHILE PRESSURIZED TC 105 PSI¢ AKD AT -350
LEG T,

DESIGN SHOCK (ALL THREE AXES) - 18 SHOCKS OF 156G EACH, THREE IN EACH
DIRECTION. :

THERMAT, CYLE TESTS = PERFORMED THREE TIMES
70 DEG F TC =400 DEG F TD 70 DEG F TO 275 DEC F TO 150 DEG F

VALVE RESPONSE TIMES - AMBIENT AND CRYD (=300 DEG F AND =423 DEG F}:
YALVE: 55 PSIG
ACTUATOR: 500 AND 744 PSIG

EXTERNAL LEAKAGE - AMBIENT AND CRYC (-3¢0 DEG F AND =422 DEG F:
YALVE BODY: 130 PsIG
ACTUATOR: 740 P5IG.

INTERNAL LEAFAGE -~ AMBIENT AND CRYO (~300 DEG F AND =423 DEG F):
INLET-TO-OUTLET @ 55 PSIG
ACTUATOR: 740 PSIG

ELECTRICAL CHARACTERISTICS ~ CONTACT RESISTANCE; INSULATION RESISTANCE;
AND DIELECTRIC STRENGTH.

ELECTRICAL BONDING - LESS THAN 100 MILLIOEMS

BURST - BY SIMILARITY TO THE TYPE V VALVE. B00 PSIG VALVE BADY, 3400
FEIG ACTUATCR . .
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SHUTTLE CRITICAL ITEMS LIST - QRBITER
. SUBSYSTEM :MAIN PRCPULSION FMEA NO 03=1 -D431 -5 REV:i04/21/88

OMRSD '
V41BHO.090 LH2 HI PT BLEED VALVE RELIEF VALVE FUNCTICNAL (Ii0)

(C) INSPECTICH
RECEIVING INSFECTION

RAW MATERIAL, VERIFIED BY INSPECTION FOR MATERTAL AND PROCESS
CERTIFICATION., TEST REPORTS REQUIRED ON CAST MATERTAL. OQOMPLETION OF
HOT ISOSTATIC PRESSING {HIP) PROCESS IS VERIFIED. CAST HOUSING (ROUCH
MACHINED} IS INSPECTED FOR POROSITY.

CONTAMINATTION CONTROL

CONTAMINATION CONTROL PROCESS AND CORROSTIGN FROTECTION PROVISIONS ARED
VERIFIED. THE INTERNAL WETTED SURFACES ARE CLEANED TO LEVEL 400A AND
VERIFED BY INSPECTION.

ASSEMBLY/TNSTALIATION -

ALL DETAIL PARTS ARE INSPECTED FOR CRITICAL DIMENSIONS, SURFACE FINISH,
BURRS, DAMAGE, AND CORROSION. CRITICAL DOPPET AND SLEEVE SURFACES ARS
LAPPED AND INSPECTED WITH 40X MAGNIFICATION. TCRQUES ARE VERIFIED To Ir
IN ACCORDANCT WITH DRAWING REQUIREMENTS. PRTOR TO INSTALLATION, SEALS
. ARE VISUALLY EXAMINED WITH 10X MAGNIFICATION FOR DAMAGE AND CLEANLINSSS .
ALL SPRINGS ARE LOT TRACEABLE AND LOAD TESTED AT THE PTECE PART LEVEL..
MANDATORY INSPECTION POINTS ARE INCLUDED IN THE ASSEMELY PROCEDURE .

CRITICAL FROCESSES
HEAT TREATMENT OF THE VALVE BALL AFTER MACHINING IS VERIFIED. FPART
PASSIVATION AND HARD ANCDIZING ARE VERIFIED. CERTIFICATION OF WELDING,
POTTING, AND SQLDERING IS VERIFIED. PAINTING {ON BODRY), ELECTRICAL
BONDING, AND DRY FILM LUBRICANT ARE YERITED BY INSFECTION. ALL CASTINGS
ARE SUBJECTED TO A HIF PFROCESS,

NONDESTRUCTIVE EVALIATION

FRIGR TC FINAL MACHINING, THE HOUSING IS X=RAYED, ETCE AND DYE FENETRANT
INSPECTED, AND LEAR CHECKED AT FROOF PRESSURE. ALL WELDS ON THE
ELECTRICAL COMNECTOR ARE DYE PENETRANT INSPECTED AND VERIFIED BY
INSPRCTION.

TESTING

ATF VERIFIED BY INSEECTION.

PACFASING /HANDLING

HhNDLIHﬁ, PACKAGING, STURAGE, AND SHIPPING REQUIRFMENTS ARE VERIFIED BY
INSFECTTION.
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SHUTTLE CRITICAL ITEME LIST - OREITER

SUBSYSTEM :MAIN PROPULSION FMEA NO 03=1 -0431 =5 REV:04/21/88

{D)} PFAILURE HISTORY

DURING ATF AT THE SUPPLIER, RELIEF VALVE FAILED TO RELIEVE UP TC 55 P3IG.
ISOLATED FAILURE COULD ROT BE REPEATED. CAUSE NOT DETERMINED. TEST
CONFIGURATICN OR OPERATOR ERRUR ARE SUSPECTED (REFERENCE CAR AC772%).

AT ESC, THE RELIEF VALVE DID NOT CRACK AT 49 PEIG (MAX ALLOWABLE 40
PEIG}. VALVE WAS RETURNED TO THE SUPFLIER AMD FAILURE WAS VERIFIED AT
AMBIENT CONDRITIORS BUT PASSED AT CRYO TEMPERATURES. FAILURE WAS
DETERMINET TO BE DUE TO TEE RELIEF VALVE POPPET BINDING ON & MACHINED
RIDGE. CORRECTIVE ACTION WAS TC REMACHINE AND LAP THE AFFECTED SURFACES
AT THE SUPPLIER. ALSO, THE ASSEMELY FROCEDURE WAS CHANGED TO ASSURE
FROFER FREPARATION OF THE RELIEF VALVE SEAT (REFERENCE CARes ALCR EQ3;.

(E) OFERATICNAL USE
NQ CREW ACTION CAN BE TAKEN.
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